Genetic diversity of 46 land races of Aus rice was studied under irrigated condition through Mahalanobis D 2 statistic for grain yield and yield contributing characters. The genotypes were grouped into seven clusters. The highest intergenotype distance was observed between the genotypes Lalgalong and Langrabeni and the lowest between Saita and Korchamuri respectively. The intra cluster distances were low for all the clusters ranging from 0.64 in cluster IV to 1.17 in cluster I. The highest inter cluster value was 11.45 (between cluster III and V) and the lowest was 4.36 (between cluster VI and VII). The highest cluster means for effective tiller number and grain yield per hill were obtained from cluster III. On the other hand, the highest leaf width and highest spikelet fertility from cluster IV, tallest plant and highest grain breadth from cluster VI, highest 1000-grain weight from cluster V whereas the lowest mean value for days to 50% flowering and days to maturity were found in cluster VI. The genotypes from cluster III could be hybridized with the genotypes of other clusters for producing transgressive segregants. Canonicalvector analysis revealed that days to 50% flowering and days to maturity were contributed maximum to the genetic divergence. Principal Coordinate Analysis (PCoA) revealed that the genotypes Begun bitchi, Rang mahal, Laxmijhota, Katar, Chiknal, Manikmendal, Baismugur were found far away from the centroid of the cluster and can be selected as parents for further breeding programs. The results suggested that Lalgalong (acc. no. 1655) and Langrabeni (acc. no. 1645 ) can be crossed with the genotypes of cluster III and cluster VI to develop more promising as well as high yielding variety for Aus season.
INTRODUCTION
Rice (Oryza sativa) is one of the most important food crops and a primary source of food for more than half of the world's population (Khush 2005) . According to the United Nations (UN) estimates, the current world population 6.1 billion is expected to reach 8.0 billion by 2025. Most of this increase (93%) will take place in the developing world. Global rice production must reach 800 million tons of paddy rice to meet projected demand in 2025 (Peng et al. 1999 ) which is about 200 million tones more than rice produced in 2006. This additional rice must come mainly from irrigated land in Asia, because improving rice yield in most rainfed regions is constrained by drought, flooding and poor soil quality (Cassman 1999) . Bangladesh is already under pressure both from huge and increasing demands for food, and from problems of agricultural land and water resources depletion. Bangladesh needs to increase the rice yield in order to meet the growing demand for food emanating from population growth.
There are four distinct ecotypes of rice viz. Boro, Aus, Transplanted Aman and Deep water Aman in Bangladesh. Bangladesh has a good source of indigenous rice cultivars. About 4000 T. Aman, 2500 Boro and 1500 Aus landraces have been conserved in BRRI rice gene bank. Only a few decades ago large numbers of farmers were growing local cultivars as their main crop. Those cultivars have good adaptation but are poor yielder. Actually cultivation of these landraces was gradually replaced by high yielding modern varieties during last twenty years. These landraces adapted in different parts of this country, some of which have very nice quality, fineness, aroma, taste and high protein contents (Dutta et al. 1998) . But information on the genetic diversity of local landraces particularly for Aus rice is very scanty. Precise information on the extent of genetic diversity among population is crucial in any crop improvement program, as selection of plants based on genetic diversity has become successful in several crops (Ananda and Rawat 1984; Deet al. 1988) . The assessment genetic diversity is a powerful tool to select or determine the appropriate parents for hybridization programs to develop high yielding variety. With the development of advanced biometrical techniques such as multivariate analysis based on the Mahalanobis (1936) statistics, quantification of divergence among the biological population and assessing the relative contribution of different components to the total divergence at intra and inter-cluster levels have now become possible. Genetic diversity study also permits to select the genetically diverse parents from different clusters to obtain the desirable recombinant in the segregating generations upon crossing. The present study was, therefore, undertaken to assess the variability and diversity of 46Aus rice germplasm of Bangladesh and classify them into clusters for selecting genotypes as prospective parents to develop transgressive segregants for developing new rice variety.
MATERIALS AND METHODS
Forty six rice landraces (Table 1) of Aus season selected from the gene bank of Bangladesh Rice Research Institute (BRRI), Gazipur were grown under irrigated condition with three replications using one row of 5.4 m long each per entry/accession and single seedling per hill with a spacing of 25 X 20 cm between rows and plants, respectively during 2014. Fertilizers were applied @ 60:20:40:40 kg NPKS/ha. Total quantity of TSP, MoP and Gypsum were applied at the final land preparation. Urea was applied in three installments at 7, 25 and 35 days after transplanting (DAT). Control measures for pests, diseases and weeds were taken whenever necessary. Thirteen morpho-agronomic and yield contributing characters were recorded. The data were analyzed following principal component analysis (PCA) and Mahalanobis's (1936) generalized distance (D 2 ) extended by Rao (1952) . Intra and inter cluster distances were calculated by the method of Singh and Chaudhury (1985) . All statistical analyses were carried out using Genstat 5.5. The PCoA of 46 accessions was calculated by EIGEN program of NTSYS-pc version 2.2 (Rohlf, 2002) .
RESULTS AND DISCUSSION
A total of 46 Aus rice germplasm were grown for genetic diversity study. The eigen values (latent roots) and percentage of total variation accounted for them obtained from principal component analysis (PCA) are presented in Table 2 . The result revealed that the first four components in the PCA with eigen values >1, contributed 73.35% of the total variations among the genotypes for 13 agro-morphological characters. Sohrabiet al.
(2012) and Chakravortyet al. (2013) observed the contribution of 76.7 and 75.9% of the first six and four components to the total variation in rice, respectively. Siddique et al. (2011) observed about 77.91% of the total variation accounted by the first two principle components in traditional rice (oryza sativa L.) cultivars of hilly areas in Bangladesh.
The 46 rice genotypes of Aus germplasm were grouped into seven clusters on the basis of non-hierarchal clustering method using Mahalanobis' D 2 statistic for 13 agromorphological characters (Table 3) . Similarly, Sohrabiet al. (2012) reported six clusters in 50 Malaysian upland rice accessions for 12 growth traits, yield and yield components. However, the result was in conformity with the cluster pattern of the genotypes obtained though Principal Component Analysis. Again, the inter-genotypic distance (D 2 ) was obtained from principal coordinate analysis. The highest inter-genotype distance (2.6813) was observed between the genotypes Lalgalong and Langrabeni and the lowest (0.2094) between the genotypes Saita and Korchamuri, respectively. The distribution pattern of cluster indicated that the highest number of genotypes (17) included in clusters VII, while cluster III had only two genotypes. The clustering pattern also revealed that the genotypes constellated in the cluster were not originated from the same geographic region. Chakravortyet al. (2013 ), Hosanet al. (2010 and Rajesh et al. (2010) also found no parallel relationship between genetic and geographical divergence on rice landraces.
The average intra-(bold) and inter-cluster distances (D²) are presented in Table 4 . All the inter-cluster distances were larger than the intra-cluster distance indicating presence of wider diversity among genotypes of distance groups. The intra-cluster distances were low for all the seven clusters ranging from 0.647 in cluster III to 1.178 in cluster I which indicated homogeneous nature of the genotypes within the same clusters. The results were supported by the findings of Siddique et al. (2011) and Iftekharuddaula et al. (2002) in rice. The highest inter cluster value was 11.45 (between cluster III and V) and the lowest value was 4.36 (between cluster VI and VII), which clearly indicated the presence of variability in the germplasm of different clusters. The cluster-mean values for all the 13 agro-morphological characters are presented in Table 5 . The data revealed that different clusters exhibited the highest and lowest mean values of individual characters and none of the single cluster showed the highest or lowest mean values of all the characters. However, the highest cluster means for effective tiller number (14) and grain yield per hill (12.98) were obtained from cluster III. On the other hand, the highest cluster means for leaf length (60.82 cm) from cluster I, highest leaf width (1.56 cm) and highest spikelet fertility (90.04%) from cluster IV, tallest plant (155.20 cm) and highest grain breadth (2.27 cm) from cluster VI, highest 1000-grain weight (28.63) from cluster V whereas the lowest mean value for days to 50% flowering (91.73) and days to maturity (121.76) were found in cluster VI. Thus the results suggest that the crosses between the genotypes belonging to the cluster III, with that of clusters IV, V and VI, would exhibit maximum transgressive segregation along with good characters. As a result, the genotypes under cluster III with clusters IV, V and VI, might be selected as parents for future breeding program depending upon the objectives. Hosan et al. (2010) , Siddique et al. (2010 Siddique et al. ( , 2013 and Sohrabi et al. (2012) earlier reported similar trend of conclusions on rice using Mahalanobis' D 2 statistics. Therefore, the genotypes under cluster III, cluster IV, cluster V, cluster VI might be selected for future breeding program. The results of the canonical analysis showed that 47.12% of the total variation was accounted for canonical root 1 and 25.85% by canonical root 2 (Table 6 ).
The coefficients pertaining to the different characters in the first two canonical roots are presented in Table 7 . It was revealed from canonical vector analysis that days to 50% flowering and days to maturity were contributed maximum to the genetic divergence for the characters of the germplasm studied. Earlier, Mahalingam et al. (2012) and Rajesh et al. (2010) found similar results. Siddique et al. (2011) also found that flag leaf length, flag leaf width, days to 50% lowering, days to maturity, unfilled grain per panicle, grain length and grain length breadth ratio contributed maximum towards divergence in traditional rice (Oryza sativa L.) cultivars of hilly areas in Bangladesh.
The two and three dimensional graphical view of Principal Coordinate Analysis (PCoA) showed the spatial distribution of the genotypes. The genotypes Begun bitchi, Rang mahal, Laxmijhota, Katar, Chiknal, Manikmendal, Baismugur were found far away from the centroid of the cluster and the rest of the genotypes were placed more or less around the centroid ( Fig. 1 and 2) . The results indicated that the genotypes were placed far away from the centroid were more genetically diverse while the genotypes were placed near the centroid possessed more or less similar genetic background. However, centroid may be defined as the vector representing the middle point of the cluster which contained at least one number for each variable. The connecting lines between the each genotype and the centroid represented eigen vectors for the respective genotypes.
CONCLUSION
The landraces of rice germplasm can be a source of valuable new genes. There are high degree of diversity existed among the studied Aus landraces which can be utilized in different varietal improvement/development program in future. Considering results from genetic distance, the genotypes Begun bitchi, Rang mahal, Laxmijhota, Katar, Chiknal, Manikmendal, Baismugur could be selected as parents for further breeding programs. The genotype Lalgalong (acc. no. 1655) and Langrabeni (acc. no. 1645 ) can be crossed with the genotypes of cluster III and cluster VI to develop more promising as well as high yielding variety for Aus season.
